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General introduction about BIM. 


Overview of 4D modeling . 


Typical 4D Modeling process and Information workflow 


4D roadmap through the project lifecycle. 


4D modeling overall benefits. 


In 1962, Douglas C. Englebart wrote a paper entitled, “Augmenting Human Intellect”. In it, he 
posited the idea of the future architect, suggested object-based design, parametric 
manipulation, and relational database (Bergin, 2011): 


“The architect next begins to enter a series of specifications and data-a six-inch slab floor, 
twelve-inch concrete walls eight feet high within the excavation, and so on. When he has 
finished, the revised scene appears on the screen. A structure is taking shape. He examines it, 
adjusts it... These lists grow into an evermore-detailed, interlinked structure, which represents 


the maturing thought behind the actual design." 


History 6) BIMarabia 
єй B Academy 


1957 — Pronto, first commercial computer-aided machining (CAM) software — 
1963 — Sketchpad, CAD with graphical user interface ertt ча 

1975 — Building Description System (BDS) M LET 

1977 — Graphical Language for Interactive Design (GLIDE) Мы сы ا‎ 

1982-2D CAD Herc 

1984: first work with 3D models Mai 

1985 — Vectorworks Courtesy of Architecture Research Lab 
1986 — Really Universal Computer-Aided Production System (RUCAPS) በለብ... Language, Ж 
1987: saw first 4D model at Bechtel Interactive Design (GLIDE) 

1988: built 3D building information modeler 

1992 — Building Information Model as official term È Archivio Edit seleziona Converti Modello 3D [በዐ 
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1993: built first 4D model 

1995 — International Foundation Class (IFC) file format 

1996: prototyped VR interface for 4D modeling 

1996: started research on automating 4D modeling 

1998: developed easy-to-learn 4D modeling tool (now Common Point Project 4D) 
1998: started research on computer-based analysis of schedules with 4D models 
1999: started research on multi-screen group interaction with 4D models 

2000 — Revit 

2001 — NavisWorks 2007 — Autodesk buys NavisWorks 

2002 — Autodesk buys Revit 
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1995 — International Foundation Class (IFC) file format u |z: :EI- 
2005: started research to extend 4D modeling beyond construction 
І | | | : "This screenshot from Radar CH (later ArchiCAD) shows how far BIM 
To date: 4D models are applied In many project phases totaling $5B+ modeling capabilities had developed by 1984, the first major BIM release on 


2006 — Digital Project a personal computer." Image via Graphisoft 


General introduction of BIM 
e What is BIM ። 


BIM is a process involving the generation and integration of digital representations" 
includes physical and functional features of construction project. 


e BIM "n" Dimensions 
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Benefits of BIM implementation on e a 


University of Cambridge construction projects 


Digital fabrication 
allowed improvement 
of project quality 


The use of 4D with precast helped to keep 
the project on budget and on schedule 


Clash-detection using BIM allowed a 
reduction in the number of errors, 
enabled the team to make informed 
decisions and contributed to keeping 
the project on schedule 


The project was | 
completed on budget ------------ 


The results are clear: from nothing 
to an enclosed, complex universi- 777777777777 
ty building in just 24 months 


The information and geometry available 
መ within the BIM model was utilised to get 
quantities of materials that could be 
visualised quickly and with varying 


Material options within the building 


Schedule 


Through coordination and planning, savi ngs 
deliveries were reduced by 750 from initial 
estimates and worker hours were halved ` a | T | 
compared with a traditional approach i 
: Health and safety : 
Use of precast and digital fabrication Health and safety were improved: 
contributed to a 20-week reduction in by using BIM for phase planning 
the programme, as well as benefits to and site induction, the team was 
site management, health and safety able to identify activities to be 


and sustainability performed in the coming weeks 


Benefits of a digitally enabled estate: 


the golden thread of information and data 
delivering whole-life value 


Use of intelligent 3D object libraries 


saved time during the design phase 


Design 


Visusalisation supported design review 

and allowed quicker review against 

the Employer's Information Requirements (EIR), 
design standards and H&S 


Use of 3D models supported 
powerful visualisation The 3D BIM model was used for 
sustainability analysis, allowing 


for design optimisation 


Clash-detection workshops reduced 
re-work and allowed for the 
identification of major clashes 
between the different pieces of design 


The BIM model was used to define 
the most effective structural option based 
on design specifications 


Use of 3D models improved 
transparency of design 


Use of 3D models 
improved quality control 
The structured data allowed 
quicker verification against 
requirements/specification 


BIM assisted in the generation of 
quantity take-offs and cost estimates, 
allowing a more accurate estimate 


Use of a CDE allowed transparent 


audit trail in information delivery timeline 


Use of BIM increased the 
understanding of design 
by all stakeholders and 
reduced the number of 
project technical requests 


Use of a Common Data 

Environment (CDE) 
improved collaboration 
and allowed for time savings 
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Accurate апа complete data improving 
quality of bids, reducing risk allowances 
in target prices and lump sum bids 


BIM use in coordination led to a reduction in rework, 
allowing for time and cost savings 
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Use of hand-held devices for site inspections with 

3D model visualisation and automatic information 
upload to CDE allowed easier inspection of construction 
works and spotting of defects 


The early involvement of the main 
contractor improved construction 


Use of digital technologies for 
snagging made it easier to inspect 
construction and to spot defects 


Phase planning improved 
H&S on site 


BIM level 2 allowed better quality of 
data and quicker exchange 


Use of 4D allowed better 
monitoring of the project's 
sequence/programme 


Virtual construction reduced errors 


Input of a populated asset data set into CAFM 
systems - saving time and avoid duplication 


Operate 


Maintenance activities will be 
conducted in a safer way 


Maintenance activities will be better 
planned and it will be possible to 
track maintenance histor 


Better organizational and strategic 

planning from more complete and 

accurate asset information BIM 
Benefits f 


Ма | Design | Construct Operate js 


Capture Existing Conditions 
Author Design Model 
Analyze Program Requirements | . . .፣ 


Author Cost Estimate 
Author 4D Model 
Analyze Energy Performance 


Analyze Structural Performance 


Analyze Lighting Performance 


Coordinate Design Model(s) 
Review Design Model(s) 
Analyze Sustainability Performance 
Draw Construction Documents 
Author Construction Site Logistics Model 
Author Temporary Construction System Model(s) 
Fabricate Products 
Layout Construction Work 
Compile Record Model 
Monitor Maintenance 
Monitor Assets 
ЕЗ Essential Model Use Monitor Space Utilization 
ГЕН Enhanced Model Use Monitor System Performance 


Common Model Uses by Project Phase 


Note: Dark Blue are Essential Model Uses as defined in the National BIM Guidelines for Owners 


ከ BIMarabia 
«18 Academy 


- 
۶ 
1 
4 
| 


) 
2016 ^ 27 


9 Ф 


2014 | “а ፡ር: ይ 
1 v. a ١ 3 М ا‎ M 0555. Jan. fom. Mar. Agi Mag. dun. dal Aug. без. Соз 88.2. 2 


Jam fat. Wir, Ape шу Jum. Asp Tap 0 
"o M 


Input & v Output (aner 


a. Input: 3D model, material, LOD, schedule , etc... 
b. Tools / techniques: Software, workflow , etc... 
c. Output: 4D advanced simulation video for project management purpose or realistic fancy presentation 


for marketing purpose. 
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Schedule 
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* Your goal is to: 
— Create a logical flow of work from start to finish 


— Plug-in adequate resources (plant and tools, labour, supervision and materials) to 
undertake the work as envisioned 


— Determine the effective duration for each task i.e. ca/culated duration -- natural 
setting time + contingency factor = actual duration 


— Avoid waiting, idleness, conflicts and rework as much as you can 


Foundation/ 
Substructure 


Worked Example 
How will you construct a 
house? 


Construct Construct 
Services Roof 


Hand-over 
Project 
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Link components (or groups of components) Completed 4D model 
Import 3D to the activities on the project schedule 


model 
elements 
into 4D tool 


Import [SE ፲፪) L| 

construction 

schedule 

data into 4D 

tool 

Б? Атепа 


| | | simulation 
4D simulation and analysis tool criteria 


Stage 2 


Simulation 
OK? 


Yes 


ЕЕ Сем” 
source 


Modify 3D model 
and/or project 


data 


schedule inputs 


Figure 12 Creating a 4D sequence by linking a 3D model to a construction schedule 
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Element Task ID (Revit) MMe с» 
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Floor Level “*- Element Type 

00 - Foundation 
10 - Beam 

20 - Floor 

30 - Column/Wall 
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(4) Find Item (Navisworks) 


Selection Tree 


(Navisworks) 
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Overview of 4D modeling 


е 4D Modeling: simulating the planning sequence of construction 
activities and space requirements on a building site ( Visualization of the 
construction schedule). 


* Types of 4D models: 
1- Stand Alone 4D model 


3D Model Schedule 
(Product) (Process) AD Model 


4D - Schedule Integration 


* Integration of the BIM model with Project Management schedules 
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Tabular Reports апа Visualized output to facilitate іп understanding how the 


project is planned to progress across its construction lifecycle 


* Planned versus actual progress on site 


* Model Phasing, Time-lining, 


Overview of 4D modeling 


2- Comparative 4D Model: 


* Type 1 (13D Model with 2 Schedules) 


Schedule #1 
Comparative 4D Model 


Overview of 4D modeling 
2- Comparative 4D Model: 


* Type 2 (2 3D Model with 2 Schedules) 


3D Model #1 Schedule #1 
| - — Comparative 4D Model 
кы 
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Overview of 4D modeling 


2- Comparative 4D Model: 


* Type 3 (2 3D Model with 1 Schedule ) 
3D Model #1 


Comparative 4D Model 


Schedule 


3D Model #2 


Typical 4D Modeling process 


4D Modeling process : Combines space (3D data; X, Y, and Z) and time 
Line data, into a single integrated model of the project delivery approach 
and execution. 
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The 4D specialist 
Graphic Design skills 


4D Modeling Information WorkFlow 


The 4D specialist 4D modeling workflow 
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4D tool/Software 
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4D model 
component groups to 


construction activities 


Assign activity 
types for visual 
behavior 


Construction 
schedule 
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Construct Stage.4 


CONSTRUCT 


LOOK AHEAD 4D VIEWPOINT 
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COMPARE 
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Engineering 
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Look 
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Procurment 


Engineering in progrees 
Construction in progress 


Completed 
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simulation 
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and time 
analysis 


Sub Vertical 


Ground Slab 
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Concrete Structure Part 3 


Pia 


6/8/2015 Waterpr 


Concrete Structure Part 4 
Plain Concrete 
=== 


Waterprooting 
Raft Slab 


Sub Vertical 


Ground Slab 


Slab on Grade 


Baseline — 
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Construct Stage : Baseline Vs Actual.4 


Baseline Vs Actual 
Musuem part 1 +Part 2 + Ramp 


5/27/2015 


cok: 10 Plain Concrete PCC Part 1 w 


Waterproofing Part 1 ڪڪ‎ ሚታ LA 
Raft PArt 1 
Substructure Vertical Part 1 
Ground Floor Slab Part 1 
Plain Concrete PCC Part 2 w 
Waterproofing Part 2 
512712015 Raft Part 2 
| Vertical Elements Part 2 
Ground Floor Slab Part 2 
SOG Part 2 


Ramp Sub. Ver. Elements 


== ==] Ramp Slab 
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Construct Stage : Baseline Vs Actual.4 


Dubai Arena Project 
Baseline Vs 40D simulation 


31/05/17 M 


Week: 39 


|. Mobilization 22 Enabling Works EN Retaining Wall ШИ Steel Main Girders secondary Beams -intermediate Ш Rigging Gantry & Platform Landscape Works 
| RC slab casting ШШ Vertical Elements | Bleachers Finishing Secondary Beams -Cantilever Facade Steel Structure Infrastructure Works 
Core Walls Steel erection Zone 1 Staircase ` MEP —— — Peripheral Wall ШШ Roof Top Cover ENU Peripheral Wall 
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2016-02-02 


Week: 8 


General Block Work Phase 1 


General Con of RCC Posts 


General Water Supply System Phase 2 
General High Level MEP Works 


General HVAC System ; PI 
General Bathroom Pods ; Ingress 
Finishes BOH/EP Area Paint 1st Coat 
-acade | Balcony Handrail ; 1st Fix 


BOH & MEP ; Paint Up to 1st Coat 
General | Bathroom Pods Installations 
General Fire Fighting System Phase 2 General Areas | Door Sub Frames 
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>>>How can we link 3d obiects to create a 4d timeline.? 


So, a BIM model can be made up of multiple 3d objects, to create a 3d 
model , these can be interlinked with activities from a Gantt chart and 
costs for permanent and consumable resources can be applied. 
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Software == 


Product Name rm — _ 
Synchro 
Navisworks Manage 
== 
Digital project designa: 


Visual Simulation scheduling 
Solibri Model checker Spatial Coordination 
Tekla Structures Structure-centric Model 


Vico office Vico software Scheduling 
Estimating 
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the most powerful tool in the market for 
the 4D simulation and schedule analysis 
but with good rendering output , visual 
clash detection only and fair EVA 
capabilities, 


W BIMarabia 
° B Academ 
Navisworks — 


Powerful in Quantity take-of and 
clash detection with good 4D 
capabilities and good rendering 
output. 


Navisworks Navisworks Navisworks 
Мапаее Simulate Freedom 


Project viewing | ( 
Projectreview ራማ | f 
Combine files | ( 
‘Sequence simulation — | — ( 
— 
— 


Animations. 
Cash detection | ( 
Interference Management | — | 
‘Coordination | — ( 


Table 1 - Key diversities of Navisworks products 


А ኀሾ BIMarabia 
Bentley Navigator быны 


Powerful in Quantity take-of and clash detection with poor 4D simulation capabilities and poor 
rendering output . 


Шш lil 


аа | ТТТ, 


VA 1. BIMarabia 
( 4 | чы Шан 


is recommended for projects with repeated activities (for example pipe laying activities), since it 
depends on flow line techniques based on location. 
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very powerful in 5D simulation and quantity take of with low 4D simulation capabilities and good clash 


detection reports. 


I TWO 5D 


Scheduling 


Model and Location-based planning 


zBuilder 
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Project Elements Activities Quantity of work Plant Resources Labour Estimated Duration 
Resources 
| Project Elements Quantity of work Plant Resources 


Substructure 


Activity Name Duration Predecessor 
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14 


Move tools and Equipments 

Move materials 

Obtain permit 

Erect temporary fence 

Erect Storage 

Clear/ Prepare Lot 

Mark-out footprint 

Demolish existing fibro & other structures and 
remove 


Remove asbestos 
Obtain approval 


Excavate bulk, trenches for strip and ground 
beams, and pads 


Remove surplus materials 
Prepare & support surface of excavation 
Obtain permit 


0.5 wk 
0.5 wk 
4 wks 
O. SK 
0.25 wk 
1.5 wks 
1wk 
1wk 


4 wks 
0.2 wk 
1 wk 


1 wk 
1 wk 
0.2 wk 


Labour 


Resources 


| Estimated Duration 
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* Projects are comprised of activities or tasks 

* Activities require/consume resources 

* Resources include 

- Labour 

— Plant 

— Materials 

— Finance 

– Time 

* Activities generally need to be completed in a sequence 


* If one person was able to complete the project on their own then the tasks would 
be completed just a sequence, one after the other 


* If multiple resources are available then they determine the logical 
sequence of activity completion 
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Steps 
е You need to define tasks with action words 


e You need to determine duration based on nature and available resources 


Activities on the Arrow 
The activities, represented by arrows, can be logically arranged thus. .... 


Obtain steel 
Cut and bend 
Set out Excavate Place steel Place concrete 
سيك‎ — HA 


Obtain concrete 


Construction Sequence & Methodology 
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* Site Mobilization Complete mua mum бай ERN: 
* Test Pile Completed. 
* Piling started & ongoing 


— шы -- — e d 


Carnera: كم ؟ بوهظ‎ ate е 


፡]. & MODE сеткен 1а р-н 1 
МА: ter Commencereeti 


Construction Sequence & Methodology 


° RC Bored Pile Installation Complete 
* Substructure ERSS Commence / 
* Sheet Pile Installation Commence / 


FSP IV Sheet Pile installed to approx. 
16m - 18m depth at basement wall 
locations along site boundary 


Carrera? ዉይ... siste e 


эке & DF Секен 14 р-н 1 
Ma ver Commencereeti 
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Construction Sequence & Methodology 


Sheet Piling Complete 
Substructure Excavation & Pile 
Hacking Ongoing 

Keeping 45° sloped excavation at 
perimeter 


* 


* 


m "кє: 
> “с. 
= -- -- -- مم‎ . e+—— 
88 29 шы ፡ | | 
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y— — 


45° sloped excavati 


on ғ 
Sheet Pile- 


Section A-A 
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hal stie © MEDI Corre іё 
ዳሬ tor Cove eer ert! 
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Exterior, (1. & Landscaping 
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* Mass Excavation for Substructure Near | = 
Completion ШЕР” Risi 
* Pile Caps and Basement Slab Concrete | (£° 
Ongoing in Center Section 4! ир — f 
ы - < . — L ይ Loi n l В xol è A 


REE) PILE АТЫ PLAN 


Pile Caps and Basement Slab Concrete Ongoing 


2013 2014 2018 
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/ ma Ó 
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01 Dec 2013 LI пара ' 
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Construction Sequence & Methodology і 
1 
Center Portion Pile Caps and Basement Slab 
Complete 

Perimeter Excavation Ongoing. 

ERSS Strut Installation at Perimeter Wall Ongoing 


Struts installed at 5m 
spacing, 17.5m in length. 
S1, S2, & 53 + King Post 


Construction Sequence & Methodology 


* Perimeter Basement Wall Construction Ongoing 


٠ ERSS Support Struts Being Removed in S | የመ መካ 
. . . ° لے‎ 864. : ete eti e 1h NT n — —— 
Coordination with Basement Wall Construction Gi >=: ” 0 | 7 .. 
* Sheet Piling Removed after Wall Completion [à sta жің sj we бе መመመ 
Те id | T T T ነ | 56 ЕЕЕ > 
"си рі. | zin Sa كن‎ 00 x a : * 
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SHEET PLE LAYOUT PLAN 
Concrete wall placement 


Struts S2 & 53 removedas 
concrete basement wall is 
completed. S1 remains in 
place for wall support 
until completion of 15 
floor slab 


Carnera: كم ؟ بوهظ‎ ate е 
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Construction Sequence & Methodology 


Basement Perimeter Walls Complete. 

Ramp Construction Ongoing 

All ERSS Sheet Piling is Removed. 

Basement Columns and Elevator Shaft & Stair 
Walls Near Completion 
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Mobile Crane / Rough 
Terrain Crane prior to 
Tower Crane Installation 


/ 
Cermen Requ taw 28 ፍ" 

манан & МО ее” 15 pio tu 
rer. С. 1 


v 
Exterior, Спа, & Landscaping 
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Construction Sequence & Methodology 


* Tower Cranes Installed 
* Superstructure Construction Commence 
Level 1 Superstructure Ongoing 
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Construction Sequence & Methodology 


* Superstructure Construction Ongoing || 
* Level 1 Complete | 
* Level 2 Ongoing 


Typical Zoning for Structure 
Installation L2-Roof 


01 Dec 3053 


ፔ 


Construction Sequence & Methodology 


Superstructure Construction Ongoing 
Level 2 Complete 

Level 2 Steel Structure Complete 
Level 3 Ongoing 
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Construction Sequence & Methodology 


* Superstructure Construction Ongoing 

* Level 3 Complete 

* Level 3 Steel Structure Complete 

* Level 4 Ongoing 

* Interior Work and M&E work 
Commencing in Lower Levels. 


01 Dec МПЗ 
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Construction Sequence & Methodology 


Superstructure Construction Ongoing ٠ Interior Work and M&E work 
Level 4 Complete Ongoing. 
Level 4 Steel Structure Complete 
Level 5 Ongoing 


Genset installation will be concurrent 
with the steel structure tower 
erection. Gensets to be installed at 
each floor prior to the structure steel 
installation moving to the next floor 
above. 


Construction Sequence & Methodology 


Ф Superstructure Construction Ongoing * |nterior Work and M&E work 

* Level 5 Complete Ongoing. 

* Level 5 Steel Structure Complete е Steel Support for Facade Installation 
Level 6 Ongoing Commence 


٠ Fagade Installation Commencing at 
Lower Levels. 


MastClimber Scaffolding 
to be used on Exterior 
Elevations 
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Construction Sequence & Methodology 


Level 6 Complete ٠ Interior Work апа M&E work 
Level 6 Steel Structure Complete Ongoing. 
Roof Slab Ongoing e Facade Installation Ongoing 


INSTALLATION (DOUBLE MONORAIL ) 
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Where accessible, double 
monorail system to be 
used for curtain wall 
installation 
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Construction Sequence & Methodology 


٠ Interior Work апа M&E work 
Ongoing. 

٠ Facade Installation Ongoing 

° Roof Slab Ongoing 
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Construction Sequence & Methodology 


٠ Interior Work апа M&E work 
Ongoing. 

٠ Facade Installation Ongoing 

° Roof Slab Complete 

٠ M&E Roof Structures Ongoing. 

* Roof Level M&E Commencing 


Construction Sequence & Methodology 


° Interior Work and M&E work * Roof Level M&E Commencing 
Ongoing. * Support Steel for Facade Crown Ongoing 
* Fagade Installation Ongoing 


TC #1 Removed 
immediately after 
completion of facade 
crown steel. 


Mobile Crane used to 
complete facade 
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Construction Sequence & Methodology 


* Lift Installation Commence 
* Support Steel for Facade & Roof 
Facade Crown Near Completion 


* |nterior Work and M&E work 
Ongoing. Roof M&E Work Ongoing 
Facade Installation Ongoing 

Exterior Work Commence (Boundary 
Wall) 


Steel Structures @ 
Completion- Genset 
Tower and Facade Support 
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Exterior, (8. & Landscaping 
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Construction Sequence & Methodology 


Exterior Work Ongoing. 

Lift Installation Ongoing 

Fagade Near Completion 

Interior Work Ongoing 

M&E Work Ongoing. 

Permanent Power has been 
Established. 

Cx4 M&E Testing & Commissioning 
Ongoing. 
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Construction Sequence & Methodology 


* Exterior Work Complete 
٠ RI Inspections Completed 


* TOP ISSUED! 
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Exterior, Стаі, & Landscaping 


ТАС (См -O5) 


Benefits of Construction Simulation: 


Powerful Visualization of Construction Process (Problem Forecast before 
construction) 

Improved Construction Planning & Management (Better Understanding of 
Project Milestones) 

Effective Bidding Presentation (Winning New Projects & Clients) 
Streamlined Construction Productivity (Reduced Cost & Error) 

Competent Execution of Construction Process (Coordinating Detailed 
Construction Operations) 

Efficient Logistics Management (Safe work environment for all site workers) 
Effective Building Site Space Utilization (Resolving Space Conflicts) 
Effective Project & Risk Management (Monitoring Plan & Tracking the Actual 
Progress) 
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BIM 4D Modeling - Through the project life cycle 


Questions ? 


Omar Selim 


